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Description 

ThP nresent invention relates to the use of subatmospheric pressure to expedite refining of molten glass 
or the ITT^SS^. invention relates to a practical arrangement for a continuous commerce. 

S ^n~ ng STSSiS^^ of gas are produced as a result of deco mposKor, , of batch 
In the merang org , errtrained b y the batch materials or are introduced into the melting 

matenals. 0*e g*es ™ of the gas escapes during the initial phase of melting, but some 

™ C Srne ol the tapped gas" dissolves in the g.ass. but «^ I-*-*™ 
S *J£S inclusions known as bubb.es or "seeds" which would be objectionable if I*™"* * 
£n*Tin ?uSuiy hfgh concentrations in the product glass. The gas inclusions w,ll rise to the surface and 
T^e from Z 'mrt if given sufficient time in the stage of a glassmaking operation known as "refining or 
-fi^" Htah temTraJes are conventionally provided in the refining zone to expedite the nse and escape 
^a^tdSTSy^duclnB the viscosity of the melt and by enlarging the bubble diameters. The 
fnlmv reared ^the high temperatures employed in the refining stage and the large melting vessel 
nSd ^CidTs^cent residence time forthe gaseous inclusions to escape from the melt are .mapr 
expenses of a glassmaking operation. Accordingly, it would be desirable to improve the refining process to 

^h^been^wn that reduced pressure could assist the refining process by reducing the partial 
Dress U roveMhe^Tof the dissolved gases. Also, reducing the pressure increases the volume o f bubbles 
w Se melt so as to speed their rise to the surface. The impracticality of providing a gas-tight vessel on 
"oTa "cE—onS refining chamber so as to draw a vacuum ^*™£^£%Zt 
refining to relativefy small scale batch operations such as d.sclosed in US-A-1 ,564,235. 2,781 .411 . 

^l^^r^T^cesses have been proposed but have not found acceptance for large 
~u ^ZousTaTufacture of glass due to various drawbacks. In the continuous vacuum refin.ng 
™e^ and-3.519.412 a major disadvantage is *e requirement 

vertical passageways leading into and out of the vacuum zone necessitated by me 
nressu'e Se^^hese passageways 'complicate the construction of such a vessel, particularly in v,ew 
SZ^Sn^fcr^MW waHs. Increase the exposure of the throughput to contaminating factory 
? rt ^rt SToose a significant viscous drag to the throughput flow. It may be noted that a substantial 
T^or^s^JTto ^ce even a moderate degree of vacuum. Varying the output of such a 
height o glass is requ.reo ™° d facton Flexibility in the output rate is 

&" if a° i££ c P ommS ope^ due to changes^ *e product being made (thickness. 

^ iT^rSS - rate of flow .rough the 

passages of ^ie vacuum section can be provided only by increasing the depth of the 
v^r S ection reiative to the depth of the melt downstream from the vacuum sect.cn. The magnitude of 
vacuum exacerbated by the viscous drag inherent in these systems. Because accelerated 

So 6 n of T^ ^^L^n of the surface of the me., significant changing the level 

^Z^^^^^^^ K ---fed through a vacuum lock 
and meTed atlSeTop of a vertically elongated vacuum chamber. Varying throughput in tha arrangement 
Soeis to require changing the amount of vacuum imposed in the chamber, which would d sadvanta- 
gSy Ser Te degree of refining achieved. Melting raw material ^J* 

disadvantage of that arrangement for several reasons. First large volumes of foam wouW ^be create n* 
carrvino out the initial decomposition of the raw materials under vacuum, which would requ^e a vessel large 
^gh^olnteinle foam. Second, there is a danger that raw materials may follow a short ™'*o" p a «i 
^ outo* stream thus avoiding adequate melting and refining. Third, carrymg out the initial stages of 

, l^na aTd hSZthVmen to a refining temperature within the vacuum vessel require large amounts of 
S to »JS2 to thT melt within the vessel. Such a major heat input to the vessel inherently induces 
ejection currerte within the melt that increase erosion of the wails, which leads to contamination of the 
SZd on^uc ^aT Fourth, carbon dioxide released from decomposing the batch carbonates would 
SSf a' ^LTZ Partial pressure of carbon dioxide within the vessel, thereby at least partially 

- n«natino the ability of the reduced pressure to remove carbon dioxide from the melt. 

' ^ u^S^scLes initial* melting glass under eievated pressure and then refining the glass ,n a 
seoarate chamber at a lower pressure. Both chambers are heated. 

^SSSTc loss discloses a process of deliberately foaming glass to aid refining. The foaming is 
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induced by intense heat and chemical foaming agents at atmospheric pressure. 

From US-A-3.951 ,635 a three step melting process of glass batch material is known wherein molten 
densified glass batch material is refined in a centrifugal refiner to remove small sized gaseous .nclus.ons 
from the glass product. In a first step the glass batch material is heated in a chamber to form a foamy glass 
mixture which is then transferred into a second chamber containing a pool of molten glass. Said mixture is 
then forwarded to the third step of refining In the centrifugal refiner. 

It is the object to provide an improved method and apparatus for melting and refining batch material, 
especially glass batch material which results in improved glass material. 

This object is attained by a method for melting and refining glassy material or the like by producing a 
melt of the material and refining the molten material in a further step within a refining vessel and 
withdrawing the molten material from the body of molten material in the refining vessel, characterized by 
foaming the molten material as it is introduced into a space maintained at subatmosphenc pressure above a 
body of the molten material within the refining vessel and collapsing the foam into the body of molten 

material. , 

The invention includes an apparatus for melting and refining glassy materials or the like, comprising: a 
first chamber having means to heat a batch material to a flowable condition and means to drain liquefied 
batch material therefrom directly upon attaining the flowable condition; a second chamber adapted to 
receive the liquefied batch material from the first chamber and adapted to substantially complete dissolution 
of particles in the liquefied material; and a refining vessel adapted to receive the heated material from the 
second chamber at an upper end and means to drain material from a lower portion of the refining vessel 
characterized in that the refining vessel is at its upper part provided with means to support subatmosphenc 
pressure within said vessel and above the compact body of heated material when the apparatus is in 

° P With the method and apparatus of the invention vacuum refining may be employed in a commercial 
scale continuous glassmaking process in a manner that advantageously and economically overcomes toe 
drawbacks of the prior art and allows to produce glass products of different shape. Molten glass is admitted 
to the vacuum refining vessel after the majority of the thermal energy required for melting has been 
imparted to the melt so that little or no thermal energy need be supplied to the molten matenal contained 
within the vacuum chamber. Preferably, no more heat is added at the vacuum stage than is necessary to 
compensate for heat loss through the vessel walls. At sufficiently high throughput rates, the vacuum vesse 
may be completely unhealed by other than the incoming molten glass itself. In preferred embodiments of 
the present invention, batch materials are first liquefied at a stage specifically adapted for that step of the 
orocess and the liquefied material is transferred to a second stage where dissolution of solid particles is 
essentially completed and the temperature of the material may be raised to a temperature to provide a 
viscosity suitable for refining. Subsequently, the molten material is passed to the vacuum vessel As a 
result a large portion of the gaseous by-products of melting are driven off before the material is subjected 
to vacuum and the region of greatest gas evolution is separated from the refining zone, whereby matenals 
undergoing the early stages of melting cannot become mixed with portions of the melt undergoing refining. 
Because most or all of the thermal requirement for melting has been satisfied before the material enters the 
vacuum refining stage and heating of the refining stage can therefore be substantially avoided, excessive 
convection of the melt in the refining zone can be avoided. As a result, vessel erosion is reduced and the 
probability of incompletely refined portions of the melt becoming mixed with more refined portions is 

reduced. , . . 

The assistance provided by the vacuum to the refining process enables lower temperatures to be used 
for refining Lower temperatures are advantageous not only for less energy consumption, but also for the 
sake of reduced corrosive effect on the vessel. Glass normally refined at peak temperatures on the order of 
1520* C (2800" F) can be refined to the same extent at temperatures no greater than about 1425 C 
(2600 " F) or even 1370* C (2500* F) or lower, depending upon the level of vacuum employed. 

It is theorized that the creation of foam in the vacuum refining vessel significantly enhances removal of 
gases from the melt The thin film and large surface area presented by the foam increases exposure to the 
low pressure conditions and expedites transport of the gases out of the liquid phase. Th.s contrasts to 
conventional refining where residence time must be provided to permit bubbles to rise to the surface and 
escape from the viscous melt, which entails retaining a large pool of the melt. Thus, vacuum refining of the 
present invention can achieve a given degree of refining in a considerably smaller space, in preferred 
embodiments of the invention the beneficial effects of exposing foamed melt to vacuum are enhanced by 
foaming the material as it enters the vacuum vessel, before It enters the body of molten matenal retained 
therein and preferably before the entering stream penetrates into the foam layer. 

Another aspect of the invention relates to advantages in throughput control in a continuous refining 
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opera.cn. Uquetied — is metered - ^-pperer. ^^ZX^^ZZZ S 
refined melt is passed from the lower end of the vacuum ^ ^ height require d to 

height of liquid maintained within *e ' ^tTL^ Also, by providing a liquid 

counterbalance the vacuum so that the melt f^^*™^ ^ « be controlled by means of 

material therethrough. s.^ii.tirin of the Dresent invention, but the effectiveness 

Not only is the throughput variable m a grven mstal at on p ™ ' recircu , a ting refiners that 
is relatively independent of the scale of the ^^^t^STS^^ Mention Jn be applied 
do not operate effectively for low volume applications. Therefore, we p 

effectively to a wide range of glassmaking operations vertically elongated vessel, most 
The preferred configuration for the vacuum refining vessel s a vert y a ab£)ve 
convenient in the shape of an upright cyi.nder. bqu .lied ma enal « ■^^'J. neadspa< £ atlea sta 
me mo.ten materia, held in the vessel. Upon ««™*™^ d ssTved in the material and due to 

substantia, portion of the material foams due ^^^^^v^f ^ eases the surface 
eniargement of bubbles and seeds present : ,r ^ the liquid phase, 
area exposed to the reduced pressure, thus aidmg i the removd 1* gaseo ^ pooi . s 

Producing the foam above the molte n pool h.W s ™ also 5een found that depositing 
advantageous for collapsing foam and aidmg the escape or gases ^ ^ ve 
newly generated foam onto a foam layer expedites coHa pse ^^^m?^ i ntaining materia, 
elongated geometry is that stratification occurs du e to the J^ 8 ^" 5 ^^ ^ foam region , thereby 
remaining at the upper end. so that the ^J^^^^MM in the product stream, 
rendering it unlikely that any of the unrefmed ^^^^Sto of gases dissolved in the melt 
Stripping gases from the melt at ^^^^^^^^ progresses downwardly 
to below their saturation points at ftnwsphenc P ress " r «" Qf fte mett in vesse i induces 

toward an outlet at the bottom, the mcreas.ng pr assure. due * ™ ° e P 10 „ seeds tnat may re main. 

any residua, gases to remain in solution and 6ecr ^ es Z\^Z^e7 mt the material progresses 
, Dissolution of gases may also be aided by £^££l££ lr "aclum refining reduces the 

sss zttt-^^sz isr- - > — a 

5 other sources of sulfur are usually included in the ^mM"™™™ of refir t ing ^ suc h as sulfur 
Antimony, arsenic, and fluorine are ^ ^own as - ^^^T^ of me .arge volumes of 
in the melt has been found to be a ^^^^Im^s of a vacuum refining vessel. But 
foam induced and because of attack on the|g^^^^'8f , ^ ft i8 

heretofore, effective melting and refining of ^^J™<^^£££ri refined to a high 

, yet another advantageous aspect of the present invention that glass can be me 

"standard of quality with the use of little or no ch ° m ^^^^ each stage may be 

because the melting and refining steps are earned out n discrete stages, w Y 

carried out by a process adapted to minimize " ^1**™?*^^ at Lb.es from within a 
Sieved that chemica. refining aids £ roTe Sthe refining process of 

« molten pool, but such a mechanism ,s bel eved to .play no more elim inating or substantially 

the present invention. Therefore, no significant effect on qustty resuw * ^ 
reducing the amount of refining aids used. Bimination or reduction ol oi memiattjring flat 
the sake of reducing undesirable emissions into the T'^^ZJSZ^^ sake ° f 

some glass. wiserete ablatina liquefaction process disclosed in US-A- 

Particularly advantageous is the use of the discrete aainoiq h refined 

rr^rrrcrr srrr stress * 



55 

employed. 
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other materials as well. invention preferably consists of three 

Referring to the figure, the overall melting process of the present nventon e y ^rangeme^ 
stages: a Kquefaction stage 10. a dissolving stage 11 and a retong ^ for 

cou.d be employed to initiate the melting in *e ^^^^i^^ US-A-^BlV 
isolating this stage of the process and carrying it out econom cal * * fabricated of steel and has a 
The basic structure of the liquefaction vessel ,s a drum 15 closed except for a 

generally cylindrical sidewa.. ^^^^^-J^S^^J^ example, by means 
Srain outlet. The drum 15 is mounted for rotation * M J™^™*^* Ms 17 and held in place by a 
of an encircling support rin g 1 6 rot^y-m * of ^ 15 by means of a 

plurality of aligning wheels 18. A substantially enclos ^ J*™* oerlDheral frame 21. for example. The 
Sd structure 20 which Is provided with furnace construction 

iid 20 may take a variety of forms as , W ^ ° ™ " dQmed> sprung ^ construction 

^ila^ ** — ^ f,3t SUSPend6d 

^TO^ff^nL- ^y be prided by one or more 

the nd 20. Preferably, a plurality of burners ^^.^^ZTL preferably water cooled to 
fiames toward a wide area of the matenal wrthm ^^^f"^ may l sc&pe {ram the interior of 
protect them from the harsh environment within *e vessel. E ^ waste heat in the exhaust 

r^"« ssi -~ - (not shown) such as " ~ 

^EL. preferably in a P~ 
means of a chute 24. which in the -mb^ g£ ^ batch chute 24 terminates closely 

the feed chute arrangement may be seen .n US deposited onto the inner sidewall 

adjacent to the sidewaHs of the drum 10 ^J^^^ of the drum 10 aided 
portions of the drum. A layer 25 of the batch matenal a retained ° n ™ surface of tne , ining 

by the rotation of the drum and serves as an insulating ta^atc ma en ^ 
, £ is exposed to the heat within the cavity, rt forms a nquefied ayer 26 that flows do p 

a central drain opening at the be ,ttom o ^J,^^ through an opening 29 

bushing 27. A stream of liquefied matenal 28 falls freely trorr ™ q one of rts 

.eading to the second stage 11. ^^^^^SXS remaining in the liquefied 
functions is to complete the dissolution o any "nm«todya.ra \° f ^ h ^f jm js wpically only partially 

downstream refining stage. Soda-l,me-s,l.ca 9 ,a f>f g h 

1200* C (2200* F) and enters the dissolving ve f^ 8 ' ^^.^T ^^^[gg U gu a |Jy be come dissolved when 

1320* C (2400*). at which temperature residual unmelted P**^*£ * form of a horizontally 

provided wrth sufficient residence time. Tne d,sso*mg ^vessel ends thereof so 

rsK ta ^ -"^^ — to ^ " d!ssolvin9 stePi 
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heating can expedite the process and thus reduce »e size ^^T^e 

however, it is preferred to heat ^material ^Ta6^gsous ior 

preparation for the refining stage to follow. Max.m.z.ng the MVMfen >tor*mnB a temperature 

quality. The amount by which temperatures can be depends upo g ^ 

therefore, when refining is to be performed under vacuum "^^J^^ optionally n0 mo re 
glass temperature need be raised to no more than 1480 C (2700 ^^dcied herein are used, the 
tan 1430* C (2600 F) prior to refinmg. When temperature reductions 

temperature in the refining vessel need be no higher than 1370 C (2 500 n ™ P 
on mis order result in significant* longer Hfe for f* f ™^^ ™ lten material for 

material entering the dissolving vessel need be heatec ' "J^J*^* ^ it has bee n found that this 
refining. Combustion heat sources could be used .n ^^^^^Zi be provided as shown in 
stage Fends itself well to electric heating, whereby a plurality* ^^"^fJJ^ of the melt itself 
the figure extending horizontally through the ^^J^^^J^ to electrically me.t 
to electric current passing between electrodes m * h ? * C ^ U ^ of skill in the art A 

- ^ material from 

approaching the outlet end. aU „w, e+*no 11 tn the refininq vessel 12 is 

A valve controlling the flow of material from the daotag rtje^ 1 » ^"^5 through 
comprised of a plunger 35 axia.ly aligned with a djmtjb. 36. The sh « 37 of the pUange «rt ^ ^ 

the roof 31 of the dissolving vessel so as to tT^^t^^S Although the valve arrangement is 

nrx^^^^ - — — 

^r^ing vessel 12 preferably consists of a ^T^^ZZ^. 
in configuration having ^^^^^T^^Z \Tl£ casing may include a 

^e^ such 35 p,atinum and is 

, sealingly fitted into an orifice 44 at the upper f " d ° f . f 3 f tne redU ced pressure within the 

As the molten material passes through the tube 36 and J** 0 ™* ™ v ^ on a ^dy of 
refining vesse,. gases induded In the ^ ma/be 
liquid 51. As foam collapses rt is .ncorporated into the liquid .way = . * n rf 

established within the refining vesse. through a «^^SSS3 by afleatf a doubling of the 

. the vessel. As used herein, "foaming" can be cons.d •^ b ^J^^ |8 " l ^ much greater 
volume of the molten material, if the matenal .s fully foamed toe volume '" creas « ' s ^ J « urface 
than double. Distributing the molten material as thm membranes of a foam JJJ^^Jn^ , „ also 
area exposed to the reduced pressure. Therefore. ""T^^-^^ encountered at the top 
preferred that the foam be exposed to the lowest P^^^S.' ^ pr o^ d by permitting newly 

• of the vessel in the headspace above the liqu,d and therefore ^1^^°^ Mso , it is more 
introduced, foamed material to fall through tr* head space _ onto lt T^J2^J' 1hm top of the foam 

consistent with the mass ^^eTt^ ^ 
layer rather than generating foam from the surface ot tne > uqu p enterjn ^ 

upon the pressure in the vacuum space and the volume flow -rate of the mown 
» rSining vessel, the entering stream may either ^f^^^Z * e Seam may foam 
nquid stream, whereby foaming occurs from the surface used buTfor^e reasons stated 

immediately upon encountering the reduced pressure. Either mode can be usea. out ior in 

■^rss 'X!zz£SX£zl« - ~*. esse 

SSiSJ^in- ™ ««»«« <* ^ «*' * ^elaiV * , minC " S ' nCe """*"* 
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electrodes through the glass. drained frnm the bottom of the refining vessel 

,n the embodiment depicted, refined molten material ^ dra,ned f wmth. bottom o 9 

12 by way of a drain tube 55 of a refractory metal such * ■P^£"££ *f p °° erably exte nds above 

by a conical throttle member 58 carried at the end of a stem ,5a The *m 5fl M. «« 

means (not shown) to adjust the elevate of the ^J^*"^ ^ 60 of refined 

throttle member and the tube 55 so as to control the flow rate Mftcm. A m 

material falls freely from the bottom of the ref. rung vesse, and ^tej™** » to 

-"^JlirC:^ b. employed. ? e fining vessel ^ ~ht^e^ 
configuration. The cylindrical shape is advantageous for ^^Zss ^on. Compared to 

ratio of interior surface contact area to volume .s also m.n.m.zed w.th * «™ ,! ^^ ^ area is H entailed 
a conventional open hearth type recirculating refiner, only a fract.on of the refractory contact 
by the cylindrical vacuum refiner of the present ^ , evel of vacuum irnpose d 

The height of molten material 51 retained ,n the refine dictated by & & 

in the vessel. The pressure head due to the he.ght of me I qu. I murt : be sun c ^ 
equal to or greater than atmospheric at the out et to ^^.n.^ glas5 at the 

height will depend upon the specific graver of the molte ^ matenal. wh ch ^ ^ ^ ^ 

temperatures in the refinmg stage .s abou £3 • A he ig ht pressure, to permit variation of the 

vacuum may be desired to account for ».ons "jjjjj^^^^ s0 that flow through 
vacuum, and to assure steady flow through the outlet. Cond * on f c ^ G f the present 

the outJet is regulated without bottom valve m^ns. But d ™ nQt determined by ^ 

invention, a substantial excess hetght « prov.ded so th a ^°V^^£, r 58. Such an arrangement 
vacuum pressure, but rather by mechanical valve m « '^^J^^^SrS of each other Alter- 
permits the throughput rate and the vacuum P^ure to ^ 

^£2£S2^ Action of the vesse, 12 is ^ent 0 t = widt, 

could theoretically be in the form of a narrow, vert.ca p.pe Hoover distance and for 

■ zzzrsjzzzz: ^ztz^z^zz — — 

purposes, a height to width ratio of no more than 5 to 1 » P™*™*- ^ rQt ^ 

, but to economically iustfy the vacuum cl»mbe, h e u se ^appreciable r«Wn« Wo- 

„ equality l«el acceptable tor many glass products * *^P"«"J abTut o n e seed pe, 1.000-10.000 

sistmss rr=:' r rre»rrcotr d .„< „ * 

•"^"iirSnTS. such as sullu, or fluorine compounds are conventionally included Ir . glass 
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* u ,c*ni«; narts bv weight per 1000 parts by weight of 
batch includes sodium sulfate * the arnc« * ^^^^ ^ to ^ fTl 
the silica source material (sand) wrth about 10 parte by ™ > 9 n ^ feeen found preferab e to 

refining. When operating in accordance wrth the P [ e ^™™°* eable , eve i of foaming, and yet it has 
restrict the sodium suifate to two parts by ^ sodium sulfate is utilized at no 

been found that refining is not detnmentally «***£*£b^* par tj CU ,ari y advantageous example, 
more than one part per 1000 parts sand "^^^^ be apparent that they e» be 
These weight ratios have been given for sodiurr mbJWb. d elirriina tj 0 n of refining a.ds is 

Averted I other suKur sources typicaiiy present in other batch 

- « M - if no deiiberate inclusion of suKur ,s made ,n 

method of the present invention has been to und However ^ d by ^ method ^ be 
detectable effect on the imposition of the glass, such ™» { merciai proCB ss. The vacuum 
distinguished from the same type of JZSFgu*** components. particularly the 

treatment has been found to reduce the aXSaine<i with conventional processes 

refining aids such as su.fur, to levels lower than ^jJJ^^ as naving very ,itt,e or no residual 
Glass produced in small pot melts or the like is p ^ provide long periods of time for 

nSing aid content This is because ™»TZ^^ melts are often produced from 

refining, thereby avoiding the need for <*^£Z*?£ £? unlike conventional carbonate mineral 
chemically pure raw materials and from ^^^J^ by-products. However, soda-lime-silica 
batch materials, do not P^ c V sub ^'j^ 1^ Hroce^s are characterized by significant 
glass products that are mass-produced by ^^^""^ ° sheete suitable for glazing vision 
amounts of residual refining aids Such product ^^J™.^ bott ,es). In such products, the 
5 openings in buildings or vehicles (e.g. float gta ss <J^™™™J oi 0 ^ by wei g ht and seldom less than 
n*J sulfur content (expressed as S0 3 ) m X^^^el the" batch, at least 0.02% SO3 is 
0.1%. Even when no deliberate addfton 0 ^f!^^L continuous melter. Flat glass for 
usually detected in a soda-lime-sii.ca ^ " S 0 3 . In distinction thereto, soda-lime- 

transparent vision glazing applications norrnaByl«~ ^ wjth tess 

0 silica glass can be produced continuously by ^^l^^J nlng aid are being included in the 
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Weight Z 




sio 2 


- 70-74 


40 


Na 2 0 


12-16 




CaO 


8-12 


45 


MgO 


0-5 




A1 2 0 3 


0-3 




K 2 0 


0-3 


50 


BaO 


0-1 




Fe 2 0 3 


0-1 



55 



r • -a* ma „ also be oresent Arsenic, antimony, fluorine, and 
Small amounts of colorants or other may be detected in this type of 

Uthium compounds are sometimes used '^^^^SLm^ of the above composition, 
glass. A sheet of float glass or a bottle represent commercial emDooi 
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/: = flnated on molten tin) is characterized 
A sheet of glass that has been formed by the float process J-^JJ^ ™ ss on at least one side. 
by rasuSble'amounts of tin oxide «g"£,£S? oiTZlw* weight in the first few 
Typically a piece of float glass has an SnO* concentra ton ^ ^ a [ab , 

microns below the surface that was m contact w.th ™ « n ;"° c , significant amounts of sulfur- 

Sn 8 scatecontinuous melting furnace of ^ type ^^T^^^Jm^ »#" * an *°- 
1S*£q refining aids, float glass is charactenzed *T£ U JJ* refined by the present process 
££J above J^r^SSli commercially liable fioat glass, 
raving less than s°> .° „„ „™~aional ranges 



70 72-742 by weight 

sio 2 

Na 2 0 

is CaO 

MgO 



20 



A1 2 0 3 

K 2 0 

7e 2 0 3 



12-14 
8-10 
3-5 
0-2 
0-1 
0-1 



25 



30 



Claims 



» A m.thod * mel.no and '^jiT 'C^^^^^^"^^'^' 

characterized by, . inta —ace ( 50 ) maintained at subatmosphenc 

. =e rnoln Si S. ^ vesse, W - - 
foam into the body of molten material (51). 

* „ o, cairn 1 wherein the mo«en material is introduced into the subatmospheric space (50)- 

" * Tnero e W odo f o te im,whe r e,n W .ra te o,^,ie=n^^o U »e,oHnce means ,35.36, 37). 

. The me»od - claim 1 wherein transport ^ the body 0, m*n ma,.,.. ,5* - . 

vScal dir«*on toward the loca«on of withdraw.no. 

'° . T*. me»od c.m 1 wh^n the — *- P— * » - «" « « * 

pressure. 

T . The method o, ciaim t wherein th. s^osphahc pressu* is no more than on. third o, amosphedo 

pressure. 
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s ™ -( *, wherein th. pressure in the body 0. mo«en material p) 
withdrawal is at least atmospheric pressure. 

9 . The method of claim 1 wherein materia, that is newly foamed is deposited onto a mass of foam 
6 previously foamed. 

10. The method of any of claims 1 to 8 wherein the material being refined is glass. 

„ material in a first chamber (10) and J^^^J^SLX, a second chamber (11) 

rr^^bSX-Tp^rpassl. the ma»rial - second 
chamber (11) to the refining vessel (12) where it is refined. 

the particles. 

a ,5. The method 0. claim ,1 wherein the material Is l-eated In the second chamber (.1) to a temped 

suitable for refining. 

16 . The method of Cairn 11 wherein the overai. temperature of the glass is not increased in the refining 

vessel (12). 



30 



35 



«. ™ me»»d 0, claim 17 .her* » ^-J, be*, rioted I. ^StUZSZSltm^Z 



material. 



40 



45 



50 



55 



H Appanrtus to. metling and refining glass, materia* or f» J^S^Z^TSS liquet,* 
Sng means (22) tc heat a baKh material » ^T^SonTa 22£ <"> 

XSS: hSdta^' £ "J^KJ5- an upper end and means (S, 
56) to drain material from a lower portion of the refining vessel (1 2) 

characterised in that means (52) to su batmospheric 

%£?5^*£Z ?* a*- ^compact body of heated materia, when the apparatus ,s ,n 

operation 

» The apparaNs C d«m ,0 wherein In,. « nveans ffS S£ 0=3 

^,^^^(1^ y . pass mo«en mafcri* 

from said vessel (12). 

21. The apparatus of claim 20 wherein the inlet means (36) has associated with ft means (37) to control the 
flow rate of molten material therethrough. 
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- /cc\ h« associated therewith means (53, 59) to 
22. The apparatus o( claim 20 —r* the « mesne (55) has associated 
comrSme «o« rate of rnoln material therethrough. 

«. Tn. appals 0. daim 10 — *. — . — <«> - — * """^ 

• ^ — » — * - w 01 - — — ' 1,21 15 "° "~ *" " *" ' B 

width. 

25. The apparaus o, claim If » «•*■ — < 12 > BdUdK 3 ^ ^ ^ 

" 25 The apparatus tf claim 25 wherein the shrewd * provided w«h cooling means (42. 43). 
„ Us e o, me memod c an, d c*ms 1 ,0 .8 » prodtKe a — — «-*"* 



T5 



20 



25 



5i0 2 


70-74 


Na 2 0 


12-16 


CaO 


8-12 


MgO 


0-5 


M2O3 


0-3 


K 2 0 


0-3 


BaO 


0-1 


Fe 2 03 


0-1 



30 



having a residue of a sulfur-containing refining aid in 
measured as SO3. 



an 



amount less than 0.01 weight percent 



28. The use of claim 27 wherein the bu.k composition consists essentia.* of: 



35 



40 



Si0 2 


70- 


74 


Na 2 0 


12- 


•16 


8- 


•12 


CaO 


MgO 


0- 


-5 


A1 2 03 


0- 


-3 


K 2 0 


0- 


-3 


BaO 


0- 


-1 


Fe 2 03 


0- 


-1 



45 



» The use o. Claim 27 where* the SO, comen, Is less man 0.005 * by weight 
- 30. The use o, dalms 27 . 2= wherein me glass has less men on. gaseous M*. per 100 err,. 
31 The use C daim 30 when* me glass has less man on. gaseous inclusion per 1.000 cnA 



55 



) 
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complemented et le retrait de la matiere fondue du corps ou de la masse (51) de matiere fondue dans 

le recipient d'affinage. 

r^ n m t e s n saTla q m^re fondue a son introduction dans un ^ ft^ 
inferieure a la presslon atmosphenque, au-dessus d'un corps ou masse de matiere fondue (51) dans e 
S^dUtag. (12) et on fait s'affaisser la mousse dans le corps ou la masse de matere fondue 

(51). 

2. fWde suivant la revendication 1. caracferise en ce que Ton introduit la matiere fondue dans i I'espace 
,o mSmenu soXune presslon inferieure a la presslon atmospherique (50) par un onfice a valve (44) au- 

dessus du niveau de la matiere fondue (51). 

3. Procede suivant la revendication 1, caracferise en ce que I'on regie la vitesse du retrait par 
I'intermediaire d'un dispositif prevu sur I'orifice de sortie (35, 36. 37). 

16 4 Precede suivant .a revendication 1 . caracterise en ce que le transport a travers le corps ou la .masse de 
maSre fondue (51) s'effectue, de maniere predominate, selon la direction verticals vers lendro,t du 

retrait. 

20 5. Precede suivant la revendication 1. caracterise en ce que la pression inferieure a la pression 
atmospherique n'est pas superieure a la moitie de cette pression atmospherique. 

e Pracl s de su i V ant la revendication 5, caracterise en ce que la presssion inferieure a ?T™°1 
6 ' Sherique 4gne dans la partJe superieure du recipient (12) et la pression dans la parte .nfeneure 
25 du recipient d'affinage (1 2) precite est au moins egale a la pression atmospherique. 

7 Procede suivant la revendication 1, caracterise en ce que la pression inferieure a la pression 
atmospherique n'est pas superieure au tiers de la pression atmosphenque. 

30 8 Procede suivant la revendication 1. caracterise en ce que la pression qui regne dans le corps ou la 
mise de Sere fondue (51) au niveau du retrait est au moins egale a la oress,on atmosphenque. 

9. Procede suivant la revendication 1. caracterise en ce que.l'on depose la matiere qui a nouvellement 
mousse sur une masse de mousse prealablement formee. 

) 35 10. Procede suivant I'une quelconque des revendications 1 a 8, caracterise en ce que la matiere affinee est 

du verre. 

11. Precede suivant Tune quelconque des revendications 1 a 10. caracterise en ce qu'or , produit la masse 
<o fondue ou en fusion de la matiere par le chauffage de la matiere dans une premise (iq* 
Hntroduction dans cette chambre de matieres vitrifiables ou prem.eres dans un etat flu.de mas 
r^oifetement fondu. ('evacuation de la matiere fluide. y compris des particules non fondues dans 
une TetndTc^mbre (1 1) ou on paracheve sensib.ement la fusion des particules et £ passage de la 
matiere de la seconds chambre (11) dans le recipient d'affinage (12) dans lequel on I affine. 

45 12. Procede suivant la revendication 11. caracterise en ce que .'on fait passer la 

chambre (10) dans la seconde chambre (11) a une temperature de 1200 C (2200 F)iiw u 

(2400 ' F). 

so 13. Precede suivant la revendication 11. caracterise en ce que I'on fait passer la matiere de la seconde 
Sre 01) dans le recipient d'affinage (12) a une temperature qui n'est pas supeneure a 1450 C 
(2700 * F). 

14. Precede suivant la revendication 11. caracterise en ce que la matiere qui penetre Mh inndi 
55 chambre (11) comprend des particules non fondues et sejourne dans la seconde chambre (11) pendant 

une penode qui suffrt a permettre la dissolution des particules. 

15. Procede suivant la revendication 11. caracterise en ce que I'on chauffe la matiere dans la seconde 
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) 



chambre (11) & une temperature convenant a I'affinage. 

„ * — » »■ — - « - - r °" ~ e * ~ re 9 '° bafe 

du verre dans le recipient d'affinage (12). 
principalement d'adjuvants d'affinage. 

de soude-chaux-silice et on mtrodu.t des m ^""^™'" ^ ^nage. en une proportion non 

poids de matiere source de silice. 

5 19 . Apparei, pour f*refondre*^^ 

: une premiere chambre (10 15 «»npart»rt «« ( ~> c P uer „ matiere vitr if ia bie ou premiere 

premiere jusqu'a I'etat flu.de et un d.spos t, f (27) pou e ^ cu & ,. §tat fluide: une seconds 

Squefiee (28) de cette chambre d '."?^^^ ou^Sle Hquef.ee (28) provenant de la 
chambre (11) convenant a recevo.r la jf^J^ complete de particuies presentes 

premiere chambre (10. 15) et convenant **£Z^.%^Zrt k recevoir la matiere chauffee 
Sans la matiere liquef.ee; «J^ ( ^ d J^££ supXLre et un disposM (55. 56) pour 
SST*t ISt™ £1 i-KT-u -pient ,aff.na g e (1 2, 

25 fe^nt^fUe (12) - a sa P*^^ 

fleclnn in^rieure a la pression atmosphenque dans ie recipient w pr« 
Tu Tu corpl co-pa?t dematiere chauffee. lorsque I'appareii foncfconne. 

• - ™* m.'nn a Drevu un dispositif d'entree (44) k la 
30 20. Apparei. suivant la ^T^^^^Z^i Sr. P^-r de lamatiere fondue dans un 
partie superieure du reap.en d aftn ^ e n ^ ™T matiere fondue dans le recipient (12) et un 

matiere fondue a partir du recipient (12) presto. 
35 A - ¥nn on raracterise en ce que le dispositif tfentree (36) est associe a un 

ra^ » " ~- dWe - 

w «.„„ on caracterise en ce que le dispositif de sortie (55) est associe a un 

configuration cylindrique dans son ensemble. 

^ nn 23 carac^rise en ce que la hauteur du recipient d'affinage (12) n'est 
45 24. Apparei! suivant la revendication 23, caracterise en ce m 
pas superieure a 5 fois sa largeur. 

H . M((nn 1P caract 6ri S 6 en ce que le recipient d'affinage (12) comprend une 

25. precede suivant la revendication 19, caractense en ce m« 

enveloppe etanche aux gaz (41 ). 

60 , «Hw«nn ?«5 caracterise en ce que I'enveloppe comporte un dispositif de 

26. ProcedS suivant la revendication 25. caractense en 

refroidissement (42, 43). 

„. U»sa«on du procide suivan, r» ^con-ue des »«•<*« 1 a .8. poor la p«»*» d'un 

5 5 verre de soude-chaux-siiice comprenant : 
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si0 70-74% en poids 

Na 2 0 12-16 
CaO 8-12 



MgO 



0-5 



AX 2 U 3 



K 2 0 

10 BaO 



Fe 2 0 3 



0-3 
0-1 
0-1 



ayant une teneur en residu d'un adjuvant d'affinage covenant du soufre inferieur a 0.01% en poids. 
mesurg sous forme de SO3. 
28. Utilisation suivant .a revendicatlon 27. caractensee en ce que la composition brute est essentieUement 
constitute de : 

20 _ i0 70-74% en poids 

Na 2 0 12-16 

CaO 8-12 

0-5 



25 MgO 



AL 2°3 
K 2 0 



0-3 
0-3 



30 



35 



BaO 
Fe 2 0 3 



0-1 
0-1 



. _ . an rf,«i«r,n ?7 earaeterisee en ce que la teneur en S0 3 est inferieure a 0.005% 
29. Utilisation suivant la revendicaton 27. caractensee en cb mug 

en poids. 

^ 30. Utilisation suivant .as revendications 27 a 29. earaeterisee en ce que .e verre comporte moins d'une 
inclusion gazeuse par 100 cm 3 . 
31. Utilisation suivant la revendication 30. earaeterisee en ce que le verre comporte moins d'une inciusion 
4S gazeuse par 1.000 cm 3 . 

Ansprtiche 

zenen Materials In dem LSutergefaB. 



55 



gekennzeichnet durch . d unter Unterdruck gehaltenen Raum (50) 

ISliabieren des Schaumes in den Korper aus geschmolzenem Matenai (51). 
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2. Verfahren nach Anspruch 1 , 

nen IMHriXt (51) durch .ine mil einem VenSI verselwoe Ofrnuno (44) emgebracht „,,d. 

5 

3. Verfahren nach Anspaich 1 , 

' dadurch gekennzeichnet, . . ac ^tx an der Ausiafloffnung gesteuert wird. 

dafi die Abzugsgeschwindigkeit durch Bnnchtungen (35, 36, 37) an der Ausiawnnu y y 

70 4. Verfahren nach Anspuch 1 , 

SCSSSSS^L ^ » Material (51, hwMdW senKreC. m de, 

Richtung zur Abzugsteile erfolgt. 

ts 5. Verfahren nach Anspruch 1 , 

dadurch gekennzeichnet, K atr 3nt 
daB der Unterdruck nicht mehr als der halbe Atmospharendruck betragt 

6. Verfahren nach Anspruch 5, 
" rr«S£SST£- T.1, de, 3em.es ,1 2 , vorhanden « und. der Drue* im unleren Tei, dee 

LautergefaBes (12) mindestens Atmospharendruck ist. 



25 



30 



35 



40 



45 



7 Verfahren nach Anspruch 1 , 

Sde,V«X~ e ,,, » e>„ C*e, dee A^spharendnrcKe «KW 

8. Verfahren nach Anspruch 1, 

^££Sw«*«*»~ — «* m -* * mi " deaa,s ^» h5re "- 

druck ist 
9 Verfahren nach Anspruch 1 , 

XSSSSSL »M -* — «»*-««—' Scheummeese abgelager. w!rd. 

10- Verfahren nach jedem der Anspruche 1 bis 8, 
dadurch gekennzeichnet, 
dai3 das gelauterte Material Glas ist. 

11. Verfahren nach jedem der AnsprGche 1 bis 10, 

gekennzeichnet durch carman Materials und Verfiussigen der Gemenge- 

der zweiten Kammer (1!) in das Lautergefafl (12), in dem es gelautert w,rd. 

12. Verfahren nach Anspruch 1 1 , 

dadurch gekennzeichnet, « nnn - r /oonn'n his 1320* C (2400 *F) aus der ersten 

daB das Material mit einer Temperatur von 1200 C (2200 F) bis 1320 o ^ ; 
Kammer (10) in die zweite Kammer (11) uberfOhrt wird- 




55 



dadurch gekennzeichnet, , 2700 - R aus der zweiten Kammer 

daB das Material mit einer Temperatur von nicht mehr als 1450 C (2700 P) aus oer 

(11) in das Lautergefafl (12) UberfOhrt wird. 



EP 0 231 S18 B1 



14 Verfahren nach Anspruch 1 1 , 

5 

15. Verfahren nach Anspruch 11, 
wird. 

ro 

16. Verfahren nach Anspruch 11, 

75 17. Verfahren nach Anspruch 11, 

dadurch gekennzeichnet, transnarentes Soda-Kalk-Silikatgias- 

^^^^^^—^^^ • 

20 18. Verfahren nach Anspruch 17, 
25 werden. 

,1 Vorrichtung zum Schme.zen und Lautern von glasartigen ^^^SSSS"!! S£ 
Kammer (10. 15) mit Bnrichtungen (^) zum Erwamjen ^JJJJ^JJJJJJJs (2 8) direlct nach Eintritt 
Zustand und Enrichtungen (27) zum verfissigten Gemenge- 

des flieflfahigen Zustandes, m,t e.ner *^«™»^ |£lHnS» wesentlichen die vollstandige 
materials (28) aus der ersten Kammer (10 15) die ™ ™ ejnem Lautergefafl (12) zur 

Auflosung von Teilchen im verflussigten ^"l^ 6 '^ 
Aufnahme des erwarmten Materials aus der zwerten Kammer £ « ^oberen 6 

(55 , 56 ) zum "^"J? (S^S-TSl 2 BnrichtungeS (52) versehen 1st. um 
" SSTT^^SS^ S Gefa* (12) Dber dem dlchten Korper des erwarmten 
Materials aufrechtzuerhaiten. 

20. Vorrichtung nach Anspruch 19, 

geschmolzenes Material aus dem Gefafi (1 2) abzufOhren. 

45 

21. Vorrichtung nach Anspruch 20, 

S^dlgtelt des 9 esc* m olze™>n Mart* du«* diaseiben zu «->. 

50 

22. Vorrichtung nach Anspruch 20, 

dadurch gekennzeichnet, ^ft sq\ aufweisen um die FiieBge- 

dafl die Auslafieinrichtungen (55) damit verbundene Einnchtungen (58, 59) aufweisen, um 
schwindigkeit des geschmolzenen Materials durch dieselben zu steuern. 



55 

23. Vorrichtung nach Anspruch 19, 



dadurch gekennzeichnet, 
dafl das LSutergefafl (12) im allgemeinen zylindrische Form autwetst. 
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24. Vorrichtung nach Anspruch 23. 
5 25. Vorrichtung nach Anspruch 19. 
26. Vorrichtung nach Anspruch 25. 

Silikatgiases, enthaitend: 

is c . ft 70-74 Gew.-* 

Si o 

Na I 12 " 16 



20 MgO 



0-5 
0-3 



Al 0 

2 3 0-3 



25 



K 0 

BaO 

Fe 0 
2 3 



0-1 
0-1 



30 



35 



bestimmt als SO3. 

28. Verwendung nach Anspruch 27, 
dadurch 

gekennzeichnet, ^ntlichen besteht aus: 

dafl die lose Ausgangszusammensetzung 

70-74 6ew.-* 



40 



SiO 

2 

Na 0 

2 

CaO 
MgO 



12-16 
8-12 
0-5 
0-3 



Al 0 

bIo "- 1 



Fe 0 

2 3 



0-1 



50 

29 Verwendung nach Anspruch 27. 



dafi der 

55 



30. Verwendung nach AnsprQchen 27 bis 29. 

dadurch gekennzeichnet, hmcMuB pro 100 cm 3 aufweist 

Safl d as Glas weniger als einen gasform,gen Bnschlufl P 
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31. Verwendung nach Anspruch 30, 



10 



75 



) 



20 



25 



30 



35 

) 



40 



45 



50 



55 
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